The epitaxial growth of silicon on Si(001) from disilane at 720 K has been investigated using scanning tunneling microscopy. Epitaxy occurs by island nucleation and growth, with islands nucleating preferentially at antiphase boundaries between different regions on the substrate terraces. These islands begin as a single dimer string which grows to cover the entire antiphase boundary before lateral growth begins. The islands increase in size until they meet on the surface, forming new antiphase boundaries (50% of the time) for nucleation of the next layer. We find that islands nucleated at such boundaries account for approximately 94% of the area of a growing layer, indicating that essentially all epitaxial growth at this temperature occurs by this mechanism. The epitaxial growth of silicon on Si(001) from disilane at 720 K has been investigated using scanning tunneling microscopy (STM).
Epitaxy occurs by island nucleation and growth, with islands nucleating preferentially at antiphase boundaries between different regions on the substrate terraces. These islands begin as a single dimer string which grows to cover the entire antiphase boundary before lateral growth begins. The islands increase in size until they meet on the surface, forming new antiphase boundaries (50% of the time) for nucleation of the next layer. We find that islands nucleated at such boundaries account for approximately 94% of the area of a growing layer, indicating that essentially all epitaxial growth at this J •.,ior temperature occurs by this mechanism. .
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Epitaxial growth of silicon on Si(001) is a technologically important process which has also received wide attention as a model system for understanding the nucleation and growth of thin films.1'9 The desire to reduce semiconductor processing temperatures has motivated increased attention to the low-temperature growth regime, in which epitaxy occurs by nucleation and growth of islands, instead of the step-flow mechanism that is operative at higher temperatures. 10 -14 While scanning tunneling microscopy (STM) investigations of silicon As shown in figure 1, epitaxial growth on the Si(001)-(2xl) surface results in islands with two possible phases, differing by a translation of 3.85 A perpendicular to the dimer rows. As noted in previous STM studies, 3 " 5 Si islands are anisotropic and grow longer parallel to the dimer row direction. When islands intersect, there is a 50% probability that they will have opposite phases, thereby producing two kinds of anti-phase (AP) boundaries. The anti-phase boundaries running parallel to and perpendicular to the dimer rows are denoted "API". and "AP2", respectively. Because of the anisotropy of the island shapes, the API boundaries are longer than the AP2 boundaries. In STM images, APN boundaries appear as a narrow row of vacancies running parallel to the dimer rows, such that dimer rows immediately adjacent to the boundary are separated by 3a0 instead of 2a0, where ao is the 3.85 A lattice constant of the (001) surface. Type AP2 boundaries appear as a sudden shift by 3.85 A in the row position, such that the dimer rows on one side of the boundary are aligned with the troughs between the dimer rows on the other side. STM images of bare AP2 boundaries show them to have a width of several dimers and a structure similar to that 3 depicted in figure 1 ; their structure has been discussed in our previous work 3 . 4 and will not be discussed here. It is important to note that neither API nor AP2 boundaries can occur in isolation, but must always terminate at other AP boundaries or at a step edge. Both their results
and ours demonstrate that a dimer string atop an AP2 boundary represents a particularly stable surface structure which apparently plays a key role in the epitaxy process.
A comparison of fig. 4 and fig. 2 shows that when the topmost layer is just beginning to grow ( fig. 4) , the AP boundaries are often seen threading away from the ends of the nucleated islands, whereas when this top layer is more complete ( fig. 2) , the AP boundaries are observed threading away from the islands near, but not necessarily at, the ends of the islands. This demonstrates that once an island has nucleated and completely covered the AP2 boundary, its spatial extent is not restricted by the presence of an AP1 boundary. As a result, once the AP2 boundary is covered, further growth and the ultimate size and shape of the islands are not strongly affected by the structure of the AP boundary at which nucleation occurred, permitting the continuous growth of the islands into a complete monolayer and the concurrent formation of a new set of anti-phase boundaries from their intersection. 
